Modelling of ventilation is strongly dependent on the physical characteristics of the building of which precise evaluation is a complex and time consuming task. In the frame of a research project, two children day care centres (CDCC) have been selected in order to measure the envelope air permeability, the flow rate of mechanical ventilation systems and indoor and outdoor temperature. The data obtained was used as input to the computer code CONTAM for ventilation simulations. The results obtained were compared with direct measurements of ventilation flow from short term measurements with CO2 tracer gas and medium term measurements with perfluorocarbon tracer (PFT) gas decay method. After validation, in order to analyse the main parameters that affect ventilation, the model was used to predict the ventilation rates for a wide range of conditions. The purpose of this assessment was to find the best practices to improve natural ventilation. A simple analytical method to predict the ventilation flow rate of rooms is also presented. The method is based on the estimation of wind effect on the room through the evaluation of an average factor ( ) ¥ * 2 Δ / P ρ and on the assessment of relevant cross section of gaps and openings combined in series or in parallel. It is shown that it may be applied with acceptable accuracy for this type of buildings when ventilation is due essentially to wind action.
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Article History 1 Introduction
Children spend most of their time at home or at children day care centres (CDCC) (Ashmore and Dimitroulopoulou 2009). Therefore, their exposure to poor indoor air quality (IAQ) is likely to affect their health. One of the purposes of ventilation is to provide good IAQ, which is expected to have a significant influence on building occupant's health. The need for studies on the relation between building´s physical characteristics and the indoor environment in children day care centres led an interdisciplinary team of researchers to develop the project ENVIRH, funded by the Portuguese Foundation for Science and Technology (FCT). The project objectives are to study the physical and ventilation characteristics of the buildings, the indoor air quality and the children's health and how to improve the indoor air quality. Modelling the ventilation is a useful tool for increasing understanding of the causes of poor indoor air quality evaluated from field measurements and for finding the ventilation means and practices that best meet the air quality needs of these particular buildings. The purpose of this paper is to present and discuss the results obtained by modelling the ventilation of two CDCC and investigate how it is possible to improve the ventilation and indoor air quality even when it is not possible to refurbish the ventilation system. Many of the existing CDCC in Portugal are old buildings that have been retrofitted by replacing old external windows with new, which usually have much lower air permeability. The questions that this work wants to answer are: Is the overall air permeability so low that it impacts the indoor air quality of these CDCC negatively? Is it possible to reach an acceptable indoor air quality by improving ventilation by just asking teachers to follow procedures of opening and closing the windows and doors at certain times and over certain periods? Do these procedures have a significant comfort impact on children? Is the installation of a natural ventilation system compliant with the indoor air quality requirements or is it necessary to adopt mechanical ventilation systems? These research questions are of great interest, many cases of inadequate indoor air quality due to poor ventilation being reported in the literature (Van Dijken et al. 2006; Mumovic et al. 2009; Borodinecs and Budjko 2009; Norbäck et al. 2011) , and solutions to this problem have to be found to solve it immediately (new user's procedures to improve ventilation may be applied immediately). Because natural ventilation solutions are less expensive to run it is important to show that they can also provide adequate ventilation rates in the particular case of CDCC which are typically low rise buildings sheltered by other buildings.
List of symbols
In this work two different buildings are studied in order to answer the above questions. A simple analytical method for calculation of the ventilation flow rates is tested against results obtained from experimental measurements and then used for the identification of the best strategies to adopt for improving the indoor air quality. It is believed that the methodological approach followed, the results obtained for these two buildings and the possibility of using a simple method for the prediction of the ventilation rates with a reported accuracy would be beneficial for the scientific community as it may be used as a benchmark for other studies.
There is strong and sufficient evidence to demonstrate the association between ventilation, air movements in buildings and the transmission or spread of infectious diseases such as measles, tuberculosis, chickenpox, influenza, smallpox and SARS (Li et al. 2007) . It is reported that airborne infection risk in large naturally ventilated hospital wards increases when ventilation rates decrease (Gilkeson et al. 2013) . Sundell et al. (2011) referred that multiple health endpoints show similar relationships with ventilation rate and that there is biological plausibility for an association of health outcomes with ventilation rates. Higher ventilation rates in offices, up to about 25 L/s per person, are associated with reduced prevalence of sick building syndrome (SBS) symptoms. The limited available data suggest that inflammation, respiratory infections, asthma symptoms and short-term sick leave increase with lower ventilation rates. This indicates that increasing ventilation rates above currently adopted standards and guidelines should result in reduced prevalence of negative health outcomes (Sundell et al. 2011) .
Based on a Swedish survey, multivariate linear regression models revealed that air exchange rate was a significant predictor of the concentrations of indoor pollutants (Langer and Bekö 2013); therefore, in this paper air exchange rate will be used to compare the performance of simulated ventilation schemes. Indoor air quality depends not only on ventilation rates, but also on indoor pollutant sources, occupant's behaviour and outdoor air pollution (Jantunen 2006; Bruno et al. 2008) .
Specifically in schools, commonly reported indoor contaminants are (Daisey et al. 2003) : (i) total volatile organic compounds, formaldehyde (HCHO) and microbiological contaminants; (ii) microbiological contaminants (including allergens in deposited dust, fungi and bacteria); (iii) airborne bacteria and airborne and surface fungal spores; (iv) levels of specific allergens sufficient to cause symptoms in allergic occupants. A few studies investigating causal relationships between health symptoms and exposures to specific pollutants
